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Abstract 
This paper describes the application of the Effective Boltzmann Machine (EBM) to musical style recognition. 
After it has been trained with examples of four-part chorales, the EBM is able to distinguish different styles of 
chorales in unseen pieces of music. Our earlier studies showed that the EBM has many desirable properties. In 
particular, it is able to complete arbitrary length contextual sequences from learned local context, and synthesise 
musical harmony for polyphonic music. ln this paper we show that the EBM is able to distinguish chorales from 
the Baroque period from Norwegian chorales. In summary, the EBM is able to distinguish, firstly, between 
chorales present in the training set and those that are not. Secondly, the EBM is also able to distinguish chorales 
of different styles, where one style was used in the training set. We also show that two different EBMs (one 
trained from examples from Choralbuch and the other trained from Norwegian chorales) are able to distinguish 
between two different harmonised styles of the same chorale melody. The EBMX system is a PC-based 
graphical interface, interactive system implementing the EBM for recognition and harmonisation of short 
musical pieces. 
1 Introduction 
To a human it is relatively easy to distinguish 
between different music styles even to a novice. 
However, it is difficult for a computer to perform 
this function. A !though there are many rule based 
expert systems for music composition (for example 
[Eb88]), it is hard to use them for the purpose of 
musical style recognition. This is because there is 
no correctness evaluation measure and styles are 
not readily expressed in absolute rules. 
Furthermore, all these systems rely on the use of 
human preceived rules, and they are only as good 
as the human expert. In recent years there have also 
been some inductive learning systems, but they are 
far from being able to recognise musical styles. We 
present here a self learning music style recogniser 
which is able to distinguish musical styles. 
Our system is based on our earlier work on the 
Effective Boltzmann Machine (EBM) which is an 
extension of the Bolztamnn Machine (BM) neural 
network. Initially, we use a BM to learn local 
contexts from a set of music score examples and 
then an EBM is constructed to synthesise arbitrary 
length contextual sequences (using the trained BM) 
in a non-deterministic manner. This EBM system 
has many desirable properties. Firstly, it can 
perform pattern completion rather then pattern 
matching. Secondly, it can provide an evaluation of 
the synthesised result. A version of the EBM has 
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been applied to four-part chorale harmonisation. ln 
this particular system, the EBM can find bass, tenor 
and alto parts to a given soprano part of any length. 
It also has the potential to find, say, the bass part 
for a given soprano, alto and tenor score. In fact, it 
is even more general than this. It can either 
complete a pitch for a given context and provide an 
evaluation of the completion or provide an 
evaluation for a completed piece. It is the latter 
property of the EBM that we will utilise in this 
paper. 
In this paper, we show, by experiment, how the 
EBM is able to both distinguish between four-part 
chorales of different styles as well as recognise a 
given chorale as belonging to the style. It is also 
able to distinguish Baroque chorales from 
Norwegian chorales. The choice of chorale was 
made because different harmonised styles can be 
found for the same melody such that objective 
comparison can be made. In summary, the EBM is 
able to distinguish between chorales present in the 
training set and those that are not, as well as 
chorales of different styles. In addition we also 
show that by using two different EBMs (one trained 
from examples from Choralbuch and the other 
trained from Norwegian chorales) one can 
distinguish between two different harmonised styles 
of the same chorale melody. The EBMX PC-based 
harmonisation/recognition system will also be 
demonstrated. 
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